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ABSTRACT 


Fhase  I  of  the  program  wherein  photoelastic, 
ultrasonic  power  measurement,  and  temperature  dm-* 
termining  methods  were  developed  to  implement  study 
of  the  ultrasonic  welding  mechanism,  is  reviewed# 
The  current  effort  involves  analysis  of  the  tran¬ 
sient  internal  stress  pattern  associated  with  for¬ 
mation  of  such  bonds,  the  arrangement  of  various 
metals  and  alloys  into  an  "order  of  weldability” 
based  on  power  required  to  make  a  weld  and  con¬ 
sideration  of  the  various  metallurgical  phenomena 
that  have  been  observed  in  vibratory  welds# 
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I.  IMTRODOCTKM 


The  object  of  this  research  pro  gram  is  to  develop  s  phenomenological 
theory  of  ultrasonic  voiding  that  will  account  for  tha  obssrrad  af facts 
and  that  can  ba  usad  to  improve  tha  da  sign  of  ultrasonic  voiding  equipment 
and  axtand  its  usafnlnoss  in  joining  tha  never,  high- temperature ,  corroaion- 
rasistant  aa  to  rials  of  particular  slgnifieanea  to  tha  various  military  and 
Atomic  Energy  programs ■ 

Phase  I  of  this  investigation  involved  tha  development  of  special  in¬ 
strumentation  and  techniques  implicit  in  excavating  and  interpreting  in¬ 
formation  from  observable  Interacting  factors  involved  in  tha  ultras onie 
voiding  process.  It  included  preliminary  study  of  oertaln  ultrasonic  veld 
phenomena  and  oonsldered  tha  influence  of  material  properties  on  voida¬ 
bility*  In  particular, 

(a)  Accumulated  evldenoe  haring  shown  that  ultrasonic  raiding  may  ba 
accomplished  at  laaat  in  part,  as  a  result  of  deformation  at  and 
near  tha  interface  being  joined, it  urns  dear  that  understanding 

af  tha  transient  stresses  producing  such  deformation  is  important. 
Thus,  photeelaetie  techniques  mere  considered  and  later  developed, 
so  that  the  internal  dynamic  stress  pattern  associated  with  the 
applied  static  and  superimposed  oscillating  shear  force  associated 
with  voiding  could  bo  observed  and  photographed*  A  special  strain 
Arams  for  applying  the  requisite  for oe  system  vas  devised  and 
routinely  utilised*  Recourse  to  the  laborious  frosen  stress  tech¬ 
nique  was  obviated  by  development  of  direct  observation  trlaxially 
restrained  photoelastie  models*  This  vork  vas  earried  far  enough 
that  its  usefulness  in  studying  this  facet  of  the  voiding  prooess 
vas  reasonably  veil  established* 

(b)  It  being  self  evident  that  a  theory  of  the  mechanism  of  vibratory 
voiding  most  consider  the  energy  reepired  to  produoe  a  veld,  the 
Rises  I  vork  considered  avenues  by  vhieh  ve  could  asoertaln  net 
power  and  the  instantaneous  values  thereof  in  time,  during  which 
a  weld  vas  generated*  No  practical  method  for  measuring  trans¬ 
mitted  ultrasonic  pover  vas  available  but  analysis  indicated  a 
standing  elastic  wave  measurement  technique  to  be  possible  and 
oapable  of  standard  oscillographic  date  recording*  The  method 
vas  developed,  its  validity  established  in  oalorlmetrie  experi¬ 
ments,  and  its  use  reduced  to  routine*  It  is  to  be  noted  that 
this  approach  is  inclusive  j  a*g*,  knowing  frequency,  pover  and 
its  variation  in  time,  such  ancillary  variables  aa  tip  amplitude 
are  easily  obtained  vhen  there  is  reason  to  know  it*  More  im¬ 
portant,  tha  actual  weld  impedance  during  formation  can  be  ascer¬ 
tained  and  this  is  fund  ana  tal  to  developing  the  proeeee  and 
equipment  to  implement  it*  Consideration  was  given  to  determining 
the  energy  passing  through  and  beyond  tha  veld  tone,  sinoe  this 
too  is  included,  but  must  be  deducted,  from  the  transmitted 
ultrasonic  power  data  obtained  with  the  SVR  technique* 
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(e)  It  being  wall  known  that  thoro  la  a  temperature  rise  of  seme 
aagnitads  daring  tho  forwatlen  of  an  ultrasenie  weld,  tha  dm4 
far  rollablo  information  an  weld  sene  hooting  and  necessity  for 
eorrolatlon  thereof  with  tha  proeoaa  variables  waa  obvious* 

Notarial  properties  ara  transiently  affaatad  by  boat)  recrystal- 
lisation,  diffusion,  phase  change  and  tha  pooslblo  interaction  of 
aneh  normal  metallurgical  phonons  no  with  vibratory  stresses,  all 
pointod  to  tha  naad  for  a  practical  technique  to  datemlno 
transient  temperatures  at  tha  weld  sons  Interface*  Accordingly, 
a  single  fine  wire  thermocouple  technique  was  developed  to  aocon- 
plirik  sensing,  fraa  which  rapid  response  equipemnt  prodooad  re- 
prodnelble  records*  The  technique  was  utilised  to  obtain  pre¬ 
liminary  but  slgnlfleant  information  on  the  process  variables  — 
power,  clamping  foroe,  and  weld  tine  for  the  materials,  copper, 
aluminas  and  Iron* .  Validity  of  the  temperatures  obtained  was 
confirmed  by  naans  of  a  meltable  Insert  technique* 

(d)  Explorations  were  node  into  the  characteristic  of  the  Interface 
disturbance  routinely  observed  in  ultrasonic  welds  in  various 
nsterlsls  and  several  nstallurglaaX  phenomena  Including  re- 
erystalllsation  and  diffusion  ware  noted*  This  facet  of  Phase  I 
served  to  orient  such  of  the  work  that  will  be  carried  sat  as 
fhae*  II  progresses*  An  autoradiographic  technique  lnvelvlng  Beta 
enlaslen  waa  utilised  experimentally  as  a  candidate  technique  for 
studying  in  ter  facial  displacements  where  standard  metallography 
Is  inadequate*  Lower  energy  Beta  radiation  was  deemed  essential 
to  obtaining  meaningful  Information  In  tha  course  of  this  Phase  II* 
Metal  displacement  reerystallisatlem,  diffusion,  phase  transforma¬ 
tion,  and  miscellaneous  effects  were  noted  in  various  naterlals* 

(e)  A  statistical  approach  to  define  the  relation  of  material  proper- 
ties  to  ultrasonic  weldability  was  considered  at  length,  but  the 
complexity  thereof  and  tins  involved  appeared  to  be  excessive* 
Bueeess  in  developing  the  Sift  method  for  measuring  the  not  energy 
required  to  generate  a  wold  suggested  a  less  complex  method)  e*g*, 
that  an  *  order  of  weldability11  in  terns  of  energy  and  material 
thickness  should  yield  a  correlation  with  certain  material 
properties  which  could  bo  determined  by  systematic  analysis  of 
tutorial  properties  data,  including  properties  at  temperature* 

It  was  determined  that  the  nst  energy  Involved  in  generating  a 
weld  of  a  unit  area  between,  for  example,  two  sheets  of  0.001- 
inch  thickness  aluminum,  and  stainlass  steel,  eubraoed  a  large 
range  --  in  the  order  of  1  to  100  watts,  respectively,  with  copper 
sheets  of  the  same  thickness  falling  between* 

On  the  basis  of  preliminary  data  acquired  in  Phase  I,  it  Is  corn- 
eluded  this  approach  merits  aggressive  pursuit* 
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II,  CURRENT  PT«T 


A,  STRESS  DISTRIBOTIOW  Ig  THE  WPP  ZONE 

FhtN  I  of  this  aspect  of  tha  investigation  accomplished  tho  develop¬ 
ment  of  a  strain  frame  for  loading  photoelastie  models  In  a  fashion  to 
essentially  duplicate  any  Instantaneous  loading  condition  associated  with 
the  actual  accomplishment  of  a  bond  between  two  pieces  of  sheet  metal  'ey 
means  of  ultrasonic  welds  (l)#« 

Suitable  direct  observation  tri axially,  restrained  photoelastie 
medals  were  developed  which  permit  observation  of  a  changing  stress  pattern 
(2),  Motion  pictures  showing  the  changing  stress  pattern  as  it  can  be  ob¬ 
served  with  such  tri  axially  restrained  models*  were  obtained.  It  was  ob¬ 
served  that  when  the  "welding •  tip  reaches  the  stick-slip  condition*  very 
rapid  and  significant  changes  take  place  in  the  stress  pattern.  With  these 
models*  resort  to  the  laborious  frozen  stress  technique  can*  within  prac¬ 
tical  limits*  be  obviated, 

A  simple  plank  model  was  shown  to  be  sufficiently  similar  to  the  tri- 
ax tally  restrained  model  that  it  can  be  used  with  reasonable  accuracy  for 
study  of  static  conditions  associated  with  normal  loading*  normal  plus 
transverse  loading  Just  prior  to  slip*  and  normal  plus  transverse  loading 
Just  after  slip.  As  the  work  progresses  and  the  weld-producing  stresses  are 
understood*  the  triaxlally  restrained  models  will  be  utilised  to  modify  the 
data  obtained  from  the  plank  models  by  inspection. 

Literature  study  disclosed  information  on  point-loaded  models  only 
(3*  U*  and  5)  and  nothing  more  parallel  to  the  situation  existent  in  ultra¬ 
sonic  weld  geometry  appears  to  have  been  published.  Adequate  understanding 
of  the  situation  should  include  differentiating  local  slip  from  gross 
sliding*  and  requires  detailed  analysis  of  photographic  data  obtained  from 
photoelastie  models  leaded  as  outlined  above  so  as  to  provide  evidence  of 
both  normal  stress  (Ol)  and  shearing  stress  (EL_)  distribution  at  the 
affected  interface,  v 

Such  complete  photoelastie  analysis  is  not  usually  done*  ordinarily 
being  carried  but  far  enough  to  obtain  the  serlmum  shearing  stress  gradient 
(by  counting  fringes).  When  the  principal  stresses  must  be  evaluated*  it 
is  necessary  to  make  a  comprehensive  analysis*  as  in  this  ease, 

Aceordin^ly*  the  following  investigation  is  in  progress! 

Photoelastie  plank  models  similar  to  those  described  in  Phase  I* 
Progress  Report  No,  2*  Figure  2*  are  being  loaded  under  the  following 
conditions! 


*  Nuwbers  in  parenthesis  indicate  items  in  the  List  of  References  at  the 
end  of  the  report. 
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a*  Tip.  radius,  30-4  (equivalent  to  3-ineh  tip  radius  on  0.050-ineh 

nstal  sheet) 

b*  lonul  feres,  300  pounds 

e*  Lateral  foroo  at  "atiek-b«f ore-slip",  76-80  pounds 

d.  Lateral  foree  just  after  slip,  85-90  pounds 

fringe  patterns  are  photographed  and  isoclinic  patterns  are  photographed 
at  15-degree  increments  in  polarising  angle*  fron  these  data  the  normal 
and  shearing  stress  Talus s  are  obtained  analy’  ifvlly  by  utilising  equations 
from  Lee  (6)  as  follovst 


”*xy  ■  l/2  -  <rj)  sin  2  0 

r*'*1 

(1) 

X  •  0 

(2) 

ay  m  <r%  1  “  *P*  ~  yP 

(3) 

ti  Xxs  ** 

earing  stress. 

<7*1-0  is  difference  in  the  principal  etressee, 
0  is  angle  of  ieeolinio. 


is  oonponent  of  prinoipal  stresses  along  the  x  axis 
is  eoagMnent  of  prinoipal  stresses  at  original  selected#^ 

is  shearing  stress  gradient  in  y  direction  at  point  of  interest* 


<Tj  is  the  nomal  stress* 

The  resulting  information  is  being  plotted,  as  in  figure  1  which  quali¬ 
tatively  illustrates  aeossnil  sting  data  fer  the  single  ease  of  normal  plus 
transverse  lauding  just  prior  to  slip*  It  presently  appears,  on  the  basis 
of  inocnplete  plots,  that  the  shear  stress  at  the  interfaoe  on  one  side  of 
the  nil  is  almost  eompletely  relierad  during  half  of  the  excursion  eyulo) 
uheraaa,  the  sheer  stress  at  the  interfaoe  on  the  opposite  side  of  the 
axis  la  greatly  increased*  When  the  sheering  stress  locally  exceeds  the 
nail  man  passible  "non-slip*  sheering  stress  in  sons  locale,  leeal  slip, 
but  net  gross  sliding,  will  occur. 

The  trend  of  information  from  the  photoelastie  studies  is  throwing 
light  an -pest  observations  that  have  not  been  eompletely  understood,  vueh 
as,  for  axsmpla,  the  unbonded  oentral  area  found  in  welds  between  fairly 
thick  sheets  of  material}  the  apparently  differing  performanoe  of  the  reed 
wedge  coupling  system  over  the  lateral  drive  horn-type  coupling  systsn, 
which  is  soft  In  bending* 
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B.  ICCR08PtCCTH» 

la  research  into  the  fundanentals  of  oltraecnlti  wslding  proaaaia  Into 
this  tdruo^d  phiMi  it  la  desirable  to  review  and  nwp  oortota  at ere- 
etraetural  eharaeterietics  that  hare  boon  observed  la  variau  ■atari  ala 
Aren  tlaa  to  tiaa  aa  this  Joining  prooaaa  has  evolved* 

landing  oan  ooeor  without  raffle  taut  loeal  host  ganaration  to  bo  da* 
toatabla  in  tha  Micro structure  •  Bonds  of  this  sort  exhibit  lnterpenetm* 
tian  of  tha  Bating  surfaces  and/or  ■aohanloal  disruption  of  surfaee  fllne* 
ftcanlaa  a ra  shown  in  Figaros  2  and  3* 

In  Figaro  2a,  noto  tha  high  dograa  of  interpenetration*  In  ona  area, 
tha  Eorar  has  introdad  approximately  7$%  of  tha  nickel  thloknoea*  Tha 
gold-plated  scrfaoa  of  tha  Eorar  has  boon  disparsad  through  tha  highly 
worked  regions*  There  are  no  disocctioaitios  along  tha  inherfaee  despite 
tha  largo  interpenetration*  The  aeoond  phase  in  tha  Eorar  tends  to  lias 
np  in  "strings*  In  tha  worked  regions  and  is  wnaffeeted  in  tha  ronaiadtar 
of  tha  naterlal* 

In  Figaro  the  lntorfaoial  riplets  of  tha  nialral  nljfhdanan  wold 
are  a  striking  osanpio  of  tha  plastls  flow  whisk  soonrs  1  easily*  Entrapped 
anrlda  eon  bo  aeon  by  ths  dark  patches  an  the  right*  It  if  irtrnnly  diffi- 
falt  and  often  Impassible  to  differentiate  b  etna  an  aald  flew  and  rssrystal* 
lisation  by  eptisal  naans  in  saeb  localised  regions*  There  is  a  rages 
periedLeity  in  ths  ripples  at  tha  interface* 

In  Figaro  3a,  tha  interpenetration  of  the  titanian  beryllina  wold  is 
another  example  of  tha  natnal  serf  see  defamation  whiah  nay  often  be  d- 
eorved  in  djarlnllar  natal  welda*  Tha  awlrle  oharaotarirtia  of  Flgnres  2a 
&ad  2b  oan  be  ebsorred  to  ooeor  on  a  anall  aoala  alang  ths  intarfnaa* 

Figaro  3b  illostrates  tha  or!  da  diaper  el  an  ohieh  oaanro  daring  tha 
bondlrg;  of  G*0CL2-ineh  1100-Slit  elwainan  ahoete* 

Dissimilar  natal  walda  nay  also  exhibit  obvious  nieroetruetaral 
changes  ra  silting  frew  heat  generated  in  the  naterlal  daring  tha  ferns* 
tion  of  tha  bond*  A  typical  oxanple  is  shown  in  Figaro  U,  in  which  the 
seiealar  struetoro  of  the  titanioa  alloy  ^suited  fren  exceeding  the  Beta* 
transformation  toaiperature*  The  photograph  was  taken  near  tha  edga  of  tha 
weld  spot*  Botioo  tha  curvature  of  tha  tranaforaad  sons  as  it  approaehas 
tha  adgo  of  tha  spot*  Observe  the  intemetallie  ecspoanl  fomed  along 
tha  intarfaoa  and  tha  diffusion  gradient  at  tha  adga  of  tha  heat*affaeted 
sons* 

Figaros  5*  and  $b  are  axanplas  of  localised  ra  crystallisation*  Tha 
surface  filn  ia  periodically  disparsad  along  tha  Intarfaoa  and  recrystal- 
lisation  and  growth  has  ooeurrod  in  these  regions* 
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(0.020  la.  thick 

Et chant t  S 
Ko<BiflMtloai 


thick)  ate  Kolybdama 
-Shavian  Local  Plartle  FI 


FiorodCkoaRins  op  ihterfueikatio*  or  matieo  surfaces 

OP  DISSIMILAR  METALS  AFTER  ULTRASONIC  WELD  DC 


(a)  Titanium  (0.003  In.  think)  and 
Beryllium  (0.050  in.  thick) 

Etchants  HMO^  ♦  HE  ♦  HgO 
Magnification's  ‘iOQX 
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(h)  1100-flULi  Aluminum  Sheeta  (0.012  In.  thick)— 
Showing  Maohanieal  Diapcraion  of  Surface  Film 

Etchants  0.5*  HF 
Magnifications  5001 


Figure  3.  PHOTOMICROGRAPHS  OF  INTERPENETRATION  OF  MATING  SURFACES 
OF  DISSIMILAR  METALS  AFTER  ULTRASONIC  WELDING 
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(a)  1020  Staal  (0. 020-in.  thicknesses) 

Etchants  2%  Nital 
Magnifications  200K 


(b)  1020  Staal  (0. 020-in.  thloknassas) 

Etchants  2%  Nltal 
Magnifications  50QX  • 


Figure  5. 


PHOTOMICROGRAPHS  OF  INTERPENETRATION  OF  MATING  SURFACES 
Of  1020  STEEL— SHOWING  LOCALIZED  RECRTSTALLIZATION 
ALONG  THE  INTERFACE 


AKROPROJICTI  INCORPORATED 


la  flgBr*  6»  the  veld  «m  made  without  prior  surface  preparation  be¬ 
tween  afeeeta  e f  Tn panel  Z  after  solution  treating  and  aging*  In  the  aged 
eonditien  the  preaipitate  appears  throughout  the  grains  and  preferentially 
in  the  grain  boundaries*  In  the  neighborhoed  of  the  interface,  the  ood.de 
soale  is  dispersed  and  ths  grain  boundaries  appear  to  stop  short  of  the 
interfaos* 

The  precipitate  which  delineates  the  boundaries  has  dissolved  in  this 
region*  Sine*  solution  tsnperatures  for  this  alloy  are  in  the  vicinity  of 
2100*7,  quite  high  leeal  tsnperatures  apparently  were  readied  in  this  area* 
In  all  eases  encountered  to  date,  "etehing  resistance,"  not  uncoion  in  an 
ultrasonie  weld,  can  be  explained  on  the  basis  of  solution  of  the  seeondary 
phase* 


kmcm g  the  nierostruetural  changes  attributed  to  heating  is  a  unique 
structure  developed,  apparently,  by  the  vibratory  stress  acting  on  the 
plastic  notarial*  The  uicrostruotural  character  of  the  material  is  such 
as  to  present  a  block-like  appearance*  Close  examination  reveals  that  the 
grain  boundaries  are  modified  into  a  zigzag  pattern*  It  appears  that  the 
modification  or  shift  of  the  boundaries  into  zigzag  segments  promotes  this 
■block"  structure**  The  fully  developed  block  structure  is  shown  in 
Figure  7* 

In  general,  grain  and  interphase  boundaries  exhibit  smooth  curvatures 
unless  there  is  an  orientation  dependence)  in  which  case  the  boundaries 
would  beooi  straight  with  a  direction  corresponding  to  a  minimum  energy 
orientation  or  they  nay  readjust  themselves  into  sigsag  straight  line 
segments  with  each  straight  segment  in  a  low  energr  nriertatian*  Only 
three  such  eases  are  known  to  occurs  the  coherency  boundaries  of 
Ulcbeamstattea  structures,  the  boundaries  of  twist-related  crystals  in  the 
faoe-oentered  cubic  system,  and  polygonised  boundaries***  The  chief  effeet 
of  stress  applied  at  high  temperatures  is  to  aeaelerate  polygonisation* 

The  motion  of  dislocation  boundaries  can  either  be  stress-induced  or  dif¬ 
fusion-controlled  (  elid) )  * 

Sections  of  welds  in  Ti-8  Mn  alloy,  and  302  stainless  steel  were 
examined  to  determine  whether  the  "block"  structure  has  orientation  de¬ 
pendent-1  *a.,  whether  the  structure  was  dependent  on  the  vibratory 
notion  of  the  welding  tip  and/or  the  rolling  direction  of  the  sheet* 


*  A  somewhat  similar  structure  has  been  observed  by  Kear  and  Pratt  (iota 
Matallurgioa,  Vol*  6,  July  1958)  on  upquenching  a  sodium  chloride  single 
crystal*  These  investigators  attribute  the  structure  to  plastic  defor¬ 
mation  which  produces  "wavy  slip"  bands  as  they  call  them*  This  type 
of  structure  is  characteristic  of  deformation  above  30O*C. 

**  Another  example  of  a  similar  structure  has  been  reported  by  Rogers  and 

Atkins  (J.  of  Met*  Trans*,  p.  620,  May  1956)*  They  obtained  a  striated 
pattern  in  quenching  a  Zr-12J<  Cb  alloy  from  1250*C  and  attributed  the 
structure  to  rapid  cooling  through  the  transformation  region* 
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near*  6.  niorcMicRoaRAni  or  mma  surfaces  or  o.ooljvihsi 

THICK  SHKCTS  CT  IHC0UL  X  AFTER  DLTIU90KEC  VELDDD 
WITHOUT  TRIOR  SURFACE  WIEPARATICE— SH0WIH0  CKTBK 
DISPERSION  IH  THE  REGION  OF  TRR  IHTIRFACB 

Etchants  (kalla  Arid 
Magnification  t  1$0K 
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near*  7*  ncraacRoaun  or  mnsa  soitaoks  or  two  teioibud 
(o.ai6  «n*  o.on  la.)  or  titaiiw-8  Mama  allot— 
sBomw  modification  or  thk  (gun  boodarhs  dtx  to 
heatud  doriwo  ultrasonic  mono 

Etchant  i  HF  ♦  RIO. 

Ma*nifieatiot» i  1$0X 


AIKOMOJIQTI  INCORPORATED 


It  wi  observed  that  the  rolling  dirootion  had  no  effect  on  tha  development 
of  tha  atruotura)  however*  tha  pattarn  was  diffarant  in  aaotiona  takan 
longitudinally  and  transversely  to  tha  diraotion  of  -ribratory  notion*  In 
tha  longitudinal  aaotiona  tha  boundaries  tend  to  be  arranged  in  directions 
parallel  and  nesmal  to  tha  intarfaoej  tha  orientation  of  tha  boundaries  is 
sore  random  in  sections  normal  to  tha  ribratory  diraotion*  figures  6  and  9 
show  this  orientation  of  feat* 


The  "blade*  structure  has  bean  bbserred  in  tha  fee  alloys  K-Hooal* 
302  stainless  steel*  202k  aluminum*  Ineonel  X*  L-605,  Ihea  702,  end  the 

Ml  phase  of  tha  Ti-6  alley** 


The  qaaation  of  diffusion  reactions  during  welding  is  difficult  to 
resales  an  tha  basis  af  known  static  diffusion  eooffieiants*  Tha  short 
welding  tines  tend  to  dissuade  one  from  tha  rlaw  that  diffualon  on  an 
ahsarrehla  aeala  eould  taka  plaoa*  However*  tha  inflwenoe  of  ultraaonioa 
on  diffusion  phenmana  oust  be  considered*  and*  although  the  literature  is 
relatively  barren  in  this  regard*  a  possible  aooolarating  effect  eazmot 

Several  dear  examples  of  diffusion  ooeurring  during  welding 


The  observations  of  diffusion  between  oopper  end  sino  presented  in 
Rafereaoe  (7)  have  been  supplemented  by  tha  indication  of  diffusion  which 
a  sours  in  another  weld  ays  tan*  A  weld  made  batman  a  0.030-inch  thick 
sheet  af  type  0-2  tool  steal**  end  0*030-lneh  Armco  iron  is  shown  la 
figure  10*  The  welding  parameters  were  U200  watte,  600  pounds  damping 
force*  and  1*5  seoonds  exposure  tine*  Compared  to  the  welds  batmen  tha 
almiaam  copper  alloy*  this  system  would  be  axpaotad  to  possess  several 
advantages  as  a  diffusion  coupla  because  of  the  existing  concentration 
gradient*  lav  thermal  conductivity  which  would  be  axpaotad  to  result  in  a 
higher  temperature  rise*  and*  in  tha  present  oaae*  an  increase  in  input 
power  of  $0  percent*  hhether  thermal  diffusion  in  weld  couples  is  neces¬ 
sary  to  achieve  bonding  or  simply  is  a  result  of  temperatures  generated 
at  the  interface  is  a  question  which  must  be  answered  on  the  basis  of  the 
eharaeterietios  of  monoemtal  welds.  In  this  respect,  evidence  to  date 
indloStea  that  the  latter  viewpoint  is  most  consistent  with  the  experi¬ 
mental  observations*  Ho  evidence  by  either  netallographlo  or  autoradio¬ 
graphic  examination  has  indicated  that  material  transport  by  thermal  dif- 
fusien  is  neoeesary  for  bonding  in  mononetal  mid  couples*  On  tha  con¬ 
trary*  diffusion  (neglecting  r« crystallisation  end  growth  phenomena  or 
phase  transformations)  has  been  observed  only  in  the  two  eases  cited 
above  in  which  power  levels  ware  very  high  and  tha  mid  members  ware  dis¬ 
similar  materials* 


e  Polonis  and  Parr  ( J.  of  Met*  Trans**  p.  £lli*  May  1956 )  have  observed  a 
block-type  pattern  in  retained  6  phase  of  Ti-Ni  alloys.  They  compare 
the  structure  to  a  similar  one  obtained  by  Barrett  in  Cu-Si  alloys 
(imperfections  in  Maarly  Perfect  Crystals  (1952)  p.  97,  John  Wiloy  and 
Sons*  Inc.*  Sew  TorkJ  tnioh  was  interpreted  as  clusters  of  faults  separated 
by  relatively  perfect  crystal  layers*  Internal  strain  front  quenching  was 
proposed  aa  an  explanation  of  tha  origin  of  tha  structure. 

**  Slmaonds  Oil.  Hardening  Die  Steel* 

Ik 
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LOWITUDH'AL  SSOTIOK 
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Btehcatt  BP  ♦  HIOj 
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A  Mr*  fodanUl  question  Involves  th*  role  of  the  **rf*e*  fllM 
or  m*1*  In  th*  mohu)l*iy  sine*  nsosnt  wtal  oont*ot  1*  pr*n*A 

MMiury  for  hooding  to  occur*  Th*  discontinuities  In  the  barrier  fllM 
are  brought  about  by  the  relative  displacements  imposed  by  the  vibratory 
aetloo  of  the  active  sonotrode*  Th*  degree  of  film  disruption  depend*  In 
part  on  controllable  factor*  eueh  aa  the  welding  pereoeter*  and  on  the 
inherent  prepertiee  of  th*  file  and  substrate  materiel*  Th*  lnfloene*  *f 
fUn  hardneae  on  the  eaa*  of  pressure  welding  has  boon  diseases*  by 
Tjrleeot*  (8),  th*  inflwene*  of  oxide  hardneas  on  sliding  friction  has  been 
reviewed  by  bhlteheed  (9)  and  Bowdea  (10). 

toowledge  of  th*  slgnlfleanoe  of  oxide  thickness  on  power  requirements 
for  welding  Is  da  sir  able)  therefore,  an  experiment  is  presently  in  prepa¬ 
ration  In  which  th*  Inflwene*  of  various  thiolaess  of  anodised  coatings  on 
alnalnM  will  be  determined*  Th*  breakup  and  dispersion  of  the  aside  film 
will  be  fell  owed  by  Impregnation  of  the  fill  with  e  radleeetiv*  treeer* 

1 1 1  eagenents  are  being  ned*  for  th*  preparation  of  tbs  nilam  with  m  ■ 
trolled  eslde  thick****  and  the  lloenes  for  handling  th*  radio-active 
Isotope  bee  been  spilled  for* 

thee  we  see  that  bonding  Is  usually  acoaytnlod  by  looal  working  and 
hasting  effects.  Interruption  and  dlcplaoenrat  of  exist  or  other  barrier 
fllM,  and,  in  some  eases,  extrusion  of  plastic  natal  free  the  bond  son* 
(net  illustrated)* 

Th*  tsnperatur*  effect  le  important*  When  tool  temperature*  are 
attained  uhleh  are  below  th*  reerystallisstiun  teaoerr.ture,  oold  work 
effeete  suoh  es  MOhanLeal  twinning,  deforwatlon  bonds,  end  grain  dis¬ 
tortion  occur*  Occasionally,  temperatures  which  aeemlngly  do  not  far 
aaceaad  th#  reerystallisation  tMperatur*  are  achieved)  In  this  oass,  a 
recrywtalll  eed  sene  along  th*  Interface  haw  been  observed*  It  is  presently 
believed  that  higher  temperatures  are  necessary  to  parelt  th*  edge  extru¬ 
sion  phanaaama*  This  view  is  oonslstent  with  th*  observation  that  sxtre- 
sion  has  bean  noted  in  those  Mterials  shoe*  weld  temperature  can  be  in¬ 
ferred  an  the  heals  *f  phase  transformation* 

In  oomoluaian,  the  following  affects  have  been  observed  in  ultrasonic 
welds I 


1* 


2* 


Isterfaeial  phenomena 


surface  film  disperaicn 
interpenetration 


Working  offeots 


’a)  plastio  flow  and  grain  distortion 
,b)  odg*  extrusion 
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aeroprojects  incorporated 


3*  Heat  effects 

!a )  recrystallisation 
b )  precipitation 
(c)  phase  transformation 
(d)  diffusion 

lu  Others  not  specifically  identified# 


C.  MATERIAL  PROPERTIES  AND  WELDABILITY 


After  the  SWR  power  measurement  technique  was  developed  in  Phase  I  of 
this  program,  it  was  utilized  in  preliminary  studies  to  determine  the  not 
acoustical  energy  required  to  generate  a  unit  area  of  weld  in  aluminum, 
copper,  and  302  stainless  steel,  in  each  of  several  thicknesses. 

The  procedure  is  tot 

(a)  Establish  characteristic  curves  of  electrical  power  required 
to  produce  good  welds  (as  defined  by  nugget  pull-out  in  a  peel 
test)  as  a  function  of  clamping  force#  From  such  a  curve  for 
each  gage  of  each  material,  the  minimum  electrical  power  that 
reproducibly  produces  a  good  weld  is  selected#  Summary  data  of 
minimum  electrical  power  required  to  simply  produce  a  weld 
(without  regard  to  its  area)  is  routinely  presented  as  a  func¬ 
tion  of  gage  as  will  be  evident  later# 

(b)  Ap^ly  the  SWR  technique  at  the  minimum  electrical  power  value, 
and  ascertain  reproducibly  the  net  acoustical  energy  required 
to  generate  a  weld  without  regard  to  its  area  (ll)# 

(c)  Ascertain  the  actual  area  of  the  weld  envelope  from  specimens 
obtained  in  (b)  above. 

(d)  Compute  the  net  acoustical  energy  required  to  produce  a  weld 
of  unit  area# 

It  must  be  noted  that  constant  weld  time  and  tip  radii  combinations 
are  maintained#  Moreover,  energy  passing  through  and  beyond  the  weld 
zone  is  presently  included  in  all  such  data  presented.  This  loss  factor 
is  being  carefully  considered  (12). 

The  required  minimum  electrical  power  determinations  to  make  a 
weld  as  from  (a)  above  are  summarized  as  in  Figure  11,  which  includes  the 
preliminary  data  (13)  obtained  in  Phase  I#  New  data  on  several  materials 
available  at  the  outset  of  Phase  II  are  also  presented  in  Figure  11# 

Thus,  a  crude  " order-of -weldability, "  based  on  electrical  power  to  the 
transducer,  is  becoming  evident# 
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MINIMUM  fLECTflIC  POWfcR 


A  ■  HO  PROJECT®  INCORPORATB0 
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AIROPROJCCTI  INCOBPONATCD 


Table  1  lists  in  order  of  electrical  power  required  to  make  a  weld* 
the  materials  so  far  studied,  together  with  Vickers  microhardness  data,  for 
room  temperature  conditions# 


Table  1 

MICR  CRARDNESS  DATA 

(Listed  in  the  order  of  electrical  power  required  to  make  a  weld) 


Microhardness 


Published* 

Measured 

HOO-H18-19 

l*5-$o 

1100-0 

20-25 

ku-*6%  Sb  (Hard) 

— 

112 

Au-»6<  Qa 

— 

102.5 

C.P.  Cu  (1/2  H) 

75-05 

79.5 

Colo  Silver  (.002) 

109-150 

138 

Fereallogr 

— 

1*12 

Be-Cu 

220-230 

250 

302-SS  (3A  H) 

— 

360 

Zircon! um 

220-21*0 

— 

*  Converted  to  equivalent  Vickers' 

■ierehardness 

data* 


The  "order-of-weldability"  presented  in  the  list  of  materials  of 
Table  1  will  be  altered  whens 

Sa)  the  effect  of  weld  area  is  introduced, 
b)  net  acoustical  energy  is  used, 

and  the  order  is  set  by  net  acoustical  energy  per  unit  weld  area  instead 
of  by  electrical  power  required  to  make  a  weld*  For  example,  larger  welds 
are  effected  in  soft  1100-0  than  in  the  harder  UOO-SLft*  Thus,  when  the 
data  is  reduced  to  power  per  unit  area,  this  discrepancy  within  the  alwdrai 
group  will  disappear*  Moreorer,  there  will  be  earn*  additional  correction 
when  the  figures  are  corrected  for  energy  passing  through  and  beyond  the 
weld  sons  into  the  reflector  airril  system* 

It  is  not  here  Implied  or  indicated  that  an  ultimate  "  order— of -welda¬ 
bility*  will  correlate  with  hardness  or  with  any  single  property  whatever, 
for  that  matter#  The  problem  is  complex J  properties  at  temperature  such  as 
elastic  modulus,  shear  yield,  thermal  diffusivity,  and  others  are  being 
considered* 

Reduction  of  electrical  power  data,  such  as  above,  to  net  acoustical 
energy  per  unit  weld  area  ia  proceeding,  and  summary  data  on  the  latter 
for  all  the  above  and  other  materials  will  appear  in  forthcoming  reports# 

n 
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III.  PLANS  FOR  NEXT  PERIOD 


During  the  next  period,  effort  will  be  expended  to* 

1*  Complete  photoelastic  analysis  for  the  normal  loading  condition 
without  transverse  load,  i*e*,  normal  stress  and  shearing  stress* 
For  the  normal  plus  transverse  load  prior  to  slip,  compute  normal 
and  shearing  stress  at  interface* 

2*  Develop  net  acoustical  energy  data  for  materials  covered  in 
Subsection  IIC,  of  this  report* 

3*  Develop  additional  electrical  power  data  for  other  materials 
(2  thicknesses  of  tantalum,  0*005  and  0*010  inch;  and  0*010- 
inch  thickness  of  Molybdenum)* 

U*  Initiate  the  acquisition  of  weld  aone  temperature  data  during 
determination  of  minimum  electrical  power  and  net  acoustical 
energy* 

5.  Initiate  experiments  to  determine  the  fraction  of  power  lost  via 
the  anvil  system  for  several  materials* 

It  is  expected  that  Phase  II  of  the  program.  Fundamentals  of  Ultrasonic 
Welding,  as  outlined  in  the  current  contract  will  be  finished  on  schedule 
and  within  the  funds  allocated* 
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12.  Idem,  Bimonthly  Report  No.  1,  December  1957,  p.  10;  Bimonthly  Report 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR 
OTHER  DATA  ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION 
WITH  A  DEFINITELY  RELATED  GOVERNMENT  PROCUREMENT  OPERATION, 
THE  U.  S.  GOVERNMENT  THEREBY  INCURS  NO  RESPONSIBILITY,  NOR  ANY 
OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE  GOVERNMENT  MAY 
HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE  SAID 
DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER 
OR  ANY  OTHER  PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR 
PERMISSION  TO  MANUFACTURE,  USE  OR  SELL  ANY  PATENTED  INDENTION 
THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


